Relativistic calculations on isotope shifts in barium
C. Nazé * 1 , J.G. Li * 2 , M. Godefroid * * Service de Chimie Quantique et Photophysique Université Libre de Bruxelles, B 1050 Brussels, Belgium Synopsis When the effects of the finite mass of the nucleus and the spatial nuclear charge distribution are taken into account in the Hamiltonian describing an atomic system, the isotopes of an element have different electronic energy levels. In the present work, we are investigating these mass and field effects in neutral barium, hoping to shed some light on the surprising observed deviation of isotope shifts from their expected behavior for odd isotopes in an analysis based on King-plots. Isotope shifts in atomic transition frequencies and energy levels provide valuable insights into atomic structures. It is generally assumed that the shifts are due to differences in nuclear mass (mass shift) and nuclear charge distribution (field shift). For systems with more than one electron, the "Specific Mass Shift" appears in the levelmass shift expression. Due to its low ponderation, the responsible mass-polarisation operator is usually treated as a perturbation of the infinite-mass Hamiltonian and its estimation requires the calculation of Vinti integrals [1] .
Mass and field shifts may provide valuable information about nuclear properties. Measured "modified" isotope shifts for two different transitions are often compared using a King-plot [2] that is expected to exhibit a linear dependence relating the two transition isotope shift pair values. In a recent experiment however [3] , surprising deviations from a linear correlation in modified King-plots have been observed for the barium (Z = 56) isotopes with nuclear spin I = 3/2. The authors suggested that "the nuclear spin could give rise to some additional contribution to the isotope shift for atoms with nuclear spin" and also suggest that these effects might be due to some nuclear spin-dependence of electron correlation.
To investigate theoretically these peculiarities, we perform large-scale calculations of mass and field shifts in the full Dirac-Hartree-Fock scheme using grasp2K [4] and adopting the active space approach to capture the dominant electron correlation effects. As first tests, we check the quality of the atomic wave functions through a comparison of the available theoretical and experimental excitation energies, fine structure splittings and radiative data.
